carotid artery (Hai and Murphy, Annu. Rev. Physiol.. 1989;51:285- 
298). The estimated rate constants for (de)phosphorylation were much 
higher in the detrussor than in the carotid, and the rate constants for 
crossbridge cycling were also significantly higher. The rapidity of the 
phosphorylation transients plus the effects of reduced temperature on 
the behaviour of a covalent regulated contractile system contribute to 
apparent differences in activation-contraction coupling mechanisms 
between tonic and phasic smooth muscles. Supported by NIH grant ^ 
P01-HL19242. 
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CELLULAR FUNCTION OF ENDOTHELIN RECEPTOR 
T. Masaki 

Department of Pharmacology, Faculty of Medicine, Kyoto University, 
Kyoto 606, Japan 

Endothelin (ET) is a potent vasoconstrictive peptide produced by 
endothelial cells. There are three endogenous isoforms (ET-1, ET-2 
and ET-3) and at least two subtypes of ET receptor (ETA and ETB). 
The activated ET-ieceptor elicits a transient followed by a sustained 
increase in intracellular free calcium ion. The transient increase is 
ascribed to the calcium ion released from intracellular calcium pool 
by inositoltrisphosphate. The sustained increase is due to exterior 
calcium ion. Since the calcium transient occurs within a short period 
before reaching the equilibrium state of the binding of ET to 
ET-receptor, the calcium transient requires an higher concentration of 
ET-1 than the ET-induced vasoconstriction, suggesting that the 
calcium transient does not contribute to the vasoconstriction, 
particularly at physiologically low concentration of ET.. Indeed, 
enhancement of production of inositolphosphate occurs at higher 
concentration of ET-1 compared with the increase in intracellular free 
calcium ion. Voltage dependent calcium channel and non-selective 
cation channel are the major channels that mediate the ET-induced 
enhancement of cytosolic calcium ion. 
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BIOCHEMICAL AND PHARMACOLOGICAL PROFILES OF 
NOVEL ANTAGONISTS FOR ATRIAL NATRIURETIC PEPTIDE 
AND ENDOTHELIN SUBTYPE B RECEPTORS 
Y. Matsuda 

Kyowa Hakko Kogyo Co., Ltd., Tokyo Research Laboratories, 
Machida, Tokyo 194 

Natriuretic peptides are a newly discovered family of circulating 
hormones involved in the regulation of body fluid volume and blood 
pressure. However, due to the lack of a specific antagonist, the true 
physiological and pathophysiological functions of the natriuretic 
peptides are still unclear. Such a specific nonpeptide antagonist, 
HS-142-1, was discovered from a microbial culture broth. We clarified 
with cultured vascular smooth muscle and endothelial cells that this 
novel compound specifically recognizes guanylyl cyclase-linked 
receptors and antagonizes the actions of the peptide hormones. 
HS-142-1 blocked ANP-induced increase in cyclic GMP production 
at 1.0 to 300 ug/ml. HS-142-1 recognized only guanylyl 
cyclase-linked receptor in affinity cross-linking studies. 

The true role of endothelin (ET) subtype B (ETB) receptor is still 
uncertain due to the lack of a specific ETB receptor antagonist. 
Subtype specificity and antagonistic properties of RES-701-1 were 
examined with transfected COS or CHO cells expressing the two 
human ET receptor subtypes (ETA and ETB). RES-701-1 inhibited 
[125JET-1 binding to ETB receptor with an IC 30 value of 10 nM, hut 
not the binding to ETA receptor. RES-701-1 inhibited ET-1-induced 
increase in intracellular free Ca 2+ concentration in the ETB cells, but 
not in the ETA cells. RES-701-1 then provides a powerful new. tool 
to elucidate the physiological and pathophysiological roles of ETB 
receptor. 
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EFFECT OF ACTIVATION ON THE THREE-DIMENSIONAL 
DISTRIBUTION OF PROTEIN KINASE C IN SMOOTH MUSCLE 
G.A. Meininger, E.D.W. Moore, F.S. Fay 

Dept. Med. Physiol., Coll. Med., Texas A&M Univ. Health Sci. Ctr., 










College Station, TX 77845, *Prog. Molec. Med., Biomed. Imaging 
Group, Univ. of Massachusetts Med. Sch., Worcester, MA 01605 
Our goal was to determine whether protein kinase C (PKC) 
activation caused a redistribution of PKC in smooth muscle. To 
accomplish this, we examined the three-dimensional distribution of 
PKC in smooth muscle before and after cell activation. Smooth 
muscle cells were enzymatically dispersed from the toad stomach. 
Bufo marinus, adhered to coverslips and treated with either 10 pM 
carbachol, 1 pM phorbol 12-myristate 13-acetate (PMA), 1 pM 4-a 
phorbol 12,13-didecanoate (4-a PMA, an inactive phorbol ester) or 
amphibian physiological saline. Cells were then fixed with 
paraformaldehyde, permeabilized with triton X-100 and immunofluor- 
escendy labelled for PKC and vinculin. Vinculin was labelled to 
identify the cell surface and cell membrane contractile filament 
anchorage sites. The anti-PKC IgM was capable of immunoprecipita- 
ting PKC from a PKC containing reaction mixture. The immunopreci- 
pitation of PKC was found to increase in a dose-dependent manner by 
adding PMA to the reaction mixture. This indicated that the anti-PKC 
used for xmmunolocalization preferentially recognized the activated 
* form of PKC. Fluorescent images of labelled cells were collected as 

a through focus series of two-dimensional images spaced at 0.25 pm 
intervals using a digital imaging microscope. These images were 
subjected to a debluiring image restoration program using a 
constrained deconvolution algorithm. The restored images were 
reconstructed into three-dimensional displays of the intracellular 
distribution of PKC and. vinculin. At rest, PKC and vinculin were 
located at the cell periphery and organized longitudinally into roughly 
parallel strands. At the cell periphery. 18% of the PKC colocalized 
t with vinculin. In the cell interior, labelling for PKC was sparse and 

diffuse. Following carbachol, PKC exhibited a more pronounced and 
strand-like cytosolic distribution. Also, there was an increase in the 
total fluorescence intensity of PKC labelling. Treatment with PMA but 
not 4-a PMA produced similar changes in PKC distribution. These 
results indicate that in the resting smooth muscle cell there is a pool 
of activated PKC near the cell membrane and that after stimulation 
the activated PKC is not confined to the cell membrane but can be 
observed throughout the cytosol. In the cytosol, the apparent 
association of PKC with contractile filaments suggests a role for PKC 
in modulatory contractile function. 
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G-PROTEIN DEPENDENT ENHANCEMENT OF VASCULAR 
SMOOTH MUSCLE MYOFILAMENT Ca 2+ SENSITIVITY 
R.S. Moreland 

Bockus Research Institute, Graduate Hospital, 415 S. 19 th Street, 
Philadelphia, PA 19146, USA 

In smooth muscle, force development is more sensitive to Ca 2+ 
during agonist stimulation than during membrane depolarization. We 
used alpha-toxin permeabilized smooth muscle to investigate the 
mechanism(s) of the enhanced Ca 2+ sensitivity. This preparation 
retains receptor-coupled events while allowing control of the 
intracellular environment Stimulation of alpha-toxin permeabilized 
rabbit mesenteric arteries with 0.3 pM Ca 2+ induced a monotonic 


increase in force and myosin light chain (MLC) phosphorylation. The 
inclusion "oriTtrpM norepinephrine (NE) and 10 pM GTP resulted 
in the monotonic increase in force to significantly greater levels. 
However, MLC phosphorylation levels only transiently increased to 
higher levels in response to NE plus GTP, then fell with time to 
values similar to those in response to Ca 2 * alone. Exposure of the 
permeabilized arteries to inhibitors of protein kinase C (PKC) 
specifically abolished the enhanced force and transient increase in 
MLC phosphorylation in response to NE plus GTP. These data 
suggest that receptor dependent PKC activation inhibits MLC 
phosphatase activity, possibly by PKC catalyzed phosphorylation of 
a MLC phosphatase inhibitor. In addition, there must be a second 
process that maintains the agonist induced enhanced force at MLC 
phosphorylation levels similar to those in response to Ca 2f alone. 
This study was supported in part by NIH grants HL37956 and 
HL46704. 
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TWO DISTINCT a r ADRENOCEPTOR SUBTYPES IN RABBIT 
THORACIC AORTA 
I. Muramatsu 

Department of Pharmacology, Fukui Medical School, Matsuoka, Fukui 
910-11, Japan 

aj-Adrenoceptors are not homogeneous in ail tissues and their 
heterogeneity has been suggested to be related in part to the presence 
of different a r adrenoceptor subtypes. In the rabbit thoracic aorta, 
noradrenaline with a very wide range of concentrations (from 1 nM 
to 100 pM) produced a concentration-dependent contraction. The 
concentration-response curve was antagonized by prazosin, resulting 
in a rightward displacement of the curve. However, the shift was not 
proportional to the concentration of prazosin; Schild plots showed that 
the inhibition by prazosin was biphasic, implying that noradrenaline 
acted through two receptor populations (pK B = 10.0 and 8.8). 
However, in the strips pretreated with chloroethylclonidine (CEC; an 
a lB inactivating agent), noradrenaline with a narrow range of 
concentrations (from 30 nM to 100 pM) produced a 
concentration-response curve, which was competitively inhibited by 
prazosin (pK a = 8.3). 3 H-prazosin bound to two distinct populations 
of a r adrenoceptors of the aortic membranes (pK D = 9.94 and 8.59). 
Pretreatment with CEC abolished the 3H-prazosin binding to the 
prazosin-high but not -low affinity sites. Noradrenaline showed 
slightly higher affinity for the prazosin-high affinity site than for the 
low affinity site. From these results, it is suggested that in the rabbit 
thoracic aorta there are two distinct aradrenoceptor subtypes 
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